Abstract Salinity has been shown to be a major factor contributing to low nitrogen availability in plants. To verify the changes in nitrogen metabolism activity as affected by the exogenous application of proline under salt stress and its relation to salt tolerance, in vitro rice shoot apices were used as a model to study the growth performance and changes in nitrogen assimilation activities in two Malaysian rice cultivars MR 220 and MR 253. Results revealed that salt stress greatly reduced the plant height, shoot nitrate (NO 3 -) content, shoot glutamine synthetase (GS), and root nitrate reductase (NR) activities in both cultivars. Supplementation of proline significantly increased the plant height, number of roots, root NO 3 -content, root NR, and root GS activities under salt stress in both cultivars with greater enhancement in MR 253 than MR 220. The results also indicated that MR 253 possessed higher nitrite reductase (NiR) and glutamate synthase (NADH-GOGAT) activities as compared with MR 220 in all tested treatments. It was suggested that the NO 3 -content, NR, and GS activities played important roles in regulating nitrogen metabolism under salt stress. Taken together, it was concluded that the ability of proline in
Introduction
Nitrogen is the essential constituent of proteins, nucleic acids, and many other cellular components. Hence, nitrogen metabolism represents the utmost important process in regulating plant growth. Plant roots can uptake inorganic forms of nitrogen, such as nitrate (NO 3 -), ammonium (NH 4 ? ), and amino acids for metabolic processes (Oh et al. 2008) . Numerous studies have revealed that salt stress could affect nitrogen uptake and assimilation in plants (Mokhele et al. 2012) . The ability of plants to tolerate salt stress by changing in nitrogen metabolism enzyme activities was believed as one of the important factors for plant survival. Previous studies revealed that glutamate dehydrogenase (GDH) activity increased in salt-tolerant rice cultivars (CSR-1 and CSR-3), while a decrease in this enzyme was shown in salt-sensitive rice cultivars (Ratna and Jaya) by increasing salt strength (Kumar et al. 2000) . In tomato (Lycopersion esculentum), salinity was found to repress nitrate reductase (NR) and glutamine synthetase (GS) activities in leaves, but enhanced activities of both enzymes were detected in the roots (Debouba et al. 2006) .
The accumulation of proline and its role as compatible solute and osmoprotectant in plants under salinity stress have been studied and reported (Szabados and Savouré 2010) . Previous studies discovered that exogenous application of proline could help to reduce Na ? uptake through the suppression of Na ? -induced apoplastic flow in Communicated by G. Klobus.
Nipponbare rice cultivar as well as to alleviate the destructive effect of NaCl on the growth of in vitro indica rice shoot apices (Sobahan et al. 2009; Teh et al. 2015) . In other plant species, such as Pancratium maritimum L. and Olea europaea, supplementation of proline was found to maintain antioxidative enzymes activities and improve plant growth under stress conditions (Khedr et al. 2003; Ahmed et al. 2010) . So far, most of the present studies emphasized on the effect of exogenous proline on the osmotic adjustment, ion compartmentation, and changes in antioxidant enzyme activities of plants under salt stress. In addition to being an amino acid required for protein synthesis, proline is also the precursor for glutamate synthesis. Glutamate is one of the products from the assimilation of ammonium from NR activity (Debouba et al. 2006) . Furthermore, the role of L-glutamate in the regulation of development of lateral roots has been suggested as an adaptation that could enhance plant's ability to compete for localized source of nitrogen and subsequently affecting the nitrogen metabolism (Liu et al. 2006) . In Malaysia, rice is the most cultivated cereal and staple food for the people (Herman et al. 2015) . At the moment, most of the major rice cultivation areas are located along the coastal areas, which are prone to salinity problems (DOA 2014) . The continuous intrusion of sea water, as a consequence of global warming, will certainly hamper the rice production along the coastal area (Hakim et al. 2014) . It is hypothesized that the exogenous application of proline will result in the major changes in nitrogen assimilation process under salt stress, thus playing a pivotal role in salt stress tolerance. Therefore, this study was carried out to examine the changes in nitrogen metabolism activity under salt stress as affected by exogenous application of proline in two Malaysian rice cultivars.
Materials and methods

Plant material and culture conditions
Two Malaysian indica rice cultivars, MR 220 and MR 253, were used in this experiment. MR 220 is a widely grown and high yielding cultivar but has been reported to be susceptible to water stress. Meanwhile, MR 253 is a suitable cultivar for planting on marginal soils and an adapted aerobic rice cultivar that require less water during the growth cycle (Sulaiman et al. 2012; Mahmod et al. 2014) . The preparation of in vitro rice shoot apices, excised from 4 days old germinated seedlings, was carried out according to the previously reported method (Teh et al. 2015) . To study the effect of exogenous proline on the shoot apices under salt-stressed and non-stressed conditions, the experiment was designated using two tested proline concentrations with or without 150-mM NaCl, which resulted in six treatments (T) assigned as:
Medium composition T1 MSO (0-mM NaCl) T2 150-mM NaCl T3 5-mM proline T4 10-mM proline T5 5-mM proline ? 150-mM NaCl T6 10-mM proline ?150-mM NaCl
The basal medium used in the experiment consisted of macro-and micronutrients of Murashige and Skoog (1962) with B 5 vitamins (Gamborg et al. 1968 ) that contained 18.79-mM KNO 3 and 20.61-mM NH 4 NO 3 as the nitrogen source. The medium was supplemented with 2.75 g L -1 of gelrite and 30 g L -1 of sucrose. The pH of the media was adjusted to 5.75 prior to autoclaving at 121°C and 15 psi for 20 min. Experiment was conducted using Pyrex testtube (20 cm height 9 2 cm diameter) containing 40 mL of the respective culture medium. Single rice shoot apex was cultured into each test tube to avoid nutrient competition. Each treatment consisted of 30 replicates.
Plant growth analysis
The plant height, number of shoots, maximum root length, number of roots, shoot biomass, and root biomass were recorded after 30 days of culture in the respective treatment medium. To compare the changes in nitrogen assimilation activities as influenced by the supplementation of proline under salt-stressed and non-stressed conditions, the NO 3 -content, NR, nitrite reductase (NiR), GS, GOGAT, and GDH activities of shoots (consisted of stem and leaves) and roots samples were quantified.
Determination of nitrate ion content
The NO 3 -content was quantified according to Cataldo et al. (1975) . A total of 0.1 g of dried shoot and root powder samples were placed separately in a test tube and added with 10 mL of deionised water. The mixture was heated at 100°C for 20 min. Subsequently, the mixture was centrifuged, and the final volume of supernatant was made up to 10 mL with deionised water. A volume of 0.4 mL of 5 % (w/v) salicylic acid was mixed with 0.1 mL of supernatant. The mixture was incubated at room temperature for 20 min followed by the addition of 9.5 mL of 2-M NaOH. The absorbance was taken at 410 nm using a UV-Vis Auto UV-2602 spectrophotometer, Labodmed, Inc. (the same for other assays unless mentioned otherwise) against blank sample containing 0.1 mL of deionised water.
Sample extraction for NR and NiR
Fresh shoot and root samples weighing 0.5 g were homogenized using pre-chilled mortar and pestle in 5 mL of cold extraction buffer (sodium phosphate buffer 20 mM, pH 7.5 containing 1-mM EDTA and 2-mM cysteine). The homogenate was centrifuged at 11,000 rpm for 20 min at 4°C. The supernatant was aliquot into a new centrifuge tube and kept on ice until the following assays were carried out.
Nitrate reductase assay NR activity was determined according to the method suggested by Kwinta (2009) . The assay mixtures (test sample and blank sample) in a final volume of 2 mL were prepared in separate test tubes containing 500 lL of sodium phosphate buffer (0.2 M, pH 7.5), 200 lL of 0.1-M KNO 3 , and 100 lL of 20-lM FAD. The test sample was added with 100 lL of 10-mM NADH. The enzymatic reaction was initiated by the addition of 500 lL of enzyme extract into the assay mixture. As for the blank samples, the enzyme extracts were substituted with 500 lL of deionized water. The mixtures were incubated at 30°C for 15 min. Subsequently, 1 mL of 1 % (w/v) sulfanilamide was added followed by 1 mL of 0.02 % (w/v) N-(1-naphthyl) ethylenediamine solution. Absorbance was recorded after diazotization of nitrite ions against blank sample at 540 nm, and the enzyme activity was expressed as nmol of nitrite produced min -1 g -1 f.wt (absorbance for 1-nmol NO 2 -at 540 nm = 0.086).
Nitrite reductase assay
NiR was assayed using the method described by Hossain et al. (2012) with some modifications. The assay mixture in a final volume of 800 lL contained 160 lL of 2-mM NaNO 2 , and 200 lL of 10-mM of methyl viologen (prepared freshly in 50-mM sodium phosphate buffer, pH 7.5).
The reaction was started with the addition of 440 lL of enzyme extract and of 100 lL of (0.1 M of sodium dithionite in 100 mM of NaHCO 3 ). A separate tube with NaHCO 3 but without sodium dithionite was run concurrently as blank. The assay mixture was incubated at 30°C for 30 min, and the reaction was stopped by shaking vigorously. A volume of 100 lL of the supernatant was transferred into a new test tube and followed by the addition of 1.9 mL of distilled water, 1 mL of 1 % sulfanilamide, and 1 mL of 0.02 % N-(1-naphthyl) ethylenediamine. The absorbance was read after diazotization of nitrite ions at 540 nm, and enzyme activity was expressed as nmol of nitrite reduced min -1 g -1 f.wt.
Sample extraction for GS, GOGAT, and GDH
These enzymes were extracted as follows: 0.5 g of fresh leaves, and roots samples were homogenized using prechilled mortar and pestle in 2 mL of cold extraction buffer (Tris-HCl 100 mM, pH 8 containing 1-mM EDTA, 1-mM ß-mercaptoethanol, 20-mM MgCl 2 , and 0.05 % of Triton X-100). The homogenate was centrifuged at 11,000 rpm for 20 min at 4°C. The supernatant was aliquoted in fresh centrifuge tubes and kept on ice until the assays were carried out.
Glutamine synthetase assay
GS activity was measured as described by Kwinta (2009) . The assay mixture contained 300 lL of 265-mM L-glutamate, 100 lL of 60 mM hydroxylamine, and 500 lL of enzyme extract. The reaction was initiated by the addition of 100 lL of 80 mM ATP into the test sample and 100 lL of assay buffer (the same as extraction buffer but without Triton X-100) into the blank sample. The assay mixture was incubated at 30°C for 15 min, and the reaction was stopped by the addition of 250 lL of 0.5-M TCA. Subsequently, 500 lL of 0.57 M acidified FeCl 3 was added into 1 mL of the supernatant. The absorbance for c-glutamylhydroxamate (c-GMH)-iron complex was taken at 540 nm, and result was expressed as lmol of c-GMH formed min -1 g -1 f.wt (absorbance for 1-lmol c-GMH at 540 nm = 0.44).
Glutamate synthase (NADH-GOGAT) assay
NADH-GOGAT assay mixture was made up to 3 mL with 1 mL of assay buffer (the same as extraction buffer but without Triton X-100), 400 lL of 5-mM 2-oxoglutarate, 600 mL of 1-mM NADH, 100 lL of 100-mM KCl, and 500 lL of enzyme extract. The reaction was started immediately the addition of 400 lL of 20-mM L-glutamine. The decrease in absorbance was recorded for 5 min at 340 nm. The glutamate synthase activity was determined based on the amount of NADH oxidized, and results were expressed as lmol NADH oxidized min -1 g -1 f.wt.
Glutamate dehydrogenase assay
GDH activity was measured as described by Kwinta (2009) . The assay mixture consisted of 950 lL of assay buffer, 250 lL of 1.2 M NH 4 Cl, 50 lL of 0.0075-M NADH, and 100 lL of enzyme extract. The decrease in absorbance per minute at 340 nm was determined and used as blank sample. The enzyme reaction was started by adding 100 lL of 1-M 2-oxoglutarate into the assay mixture. The aminating activity was measured as a decrease in absorbance at 340 nm due to NADH oxidation expressed as lmol NADH oxidized min -1 g -1 f.wt.
Statistical analyses
Statistical analyses of the results was carried out using SPSS version 21.0, and the comparison of each treatment was based on the one-way ANOVA analysis according to Duncan's multiple test range at a significance level of 5 % (p \ 0.05) using three replicates, and the significant difference was indicated by different letters.
Results
Effect of salt stress and exogenous proline on the changes in plant growth
Results showed that salt stress caused a significant reduction in plant height. The plant height in non-stressed medium was 14.5 and 16.7 cm and was reduced to 10.5 and 14.2 cm under salt stress for MR 220 and MR 253, respectively. Supplementation of 5 mM of proline significantly increased the plant height for both cultivars regardless of non-stressed (T3) or stressed (T5) conditions. In general, MR 253 showed greater increment (19.2 and 14.8 cm) as compared with that observed for MR 220 (16.2 and 13.7 cm) in T3 and T5 medium, respectively (Fig. 1a) . The results showed that supplementation of 10 mM of proline significantly improved the number of shoots formed in both cultivars under salt-stressed and non-stressed conditions (Fig. 1b) . Both cultivars produced single shoot under non-stressed condition, solely. However, the average number of shoots increased, thereafter, to 5.7 and 3.3 with the supplementation of 10-mM proline for MR 220 and MR 253, respectively. A similar trend was observed under salt-stressed condition, whereby application of 10-mM proline resulted in an average of 3.3 and 4.7 shoots for MR 220 and MR 253, respectively, as compared with 1.3 shoots in the salt-stressed medium (Fig. 1b) . The percentage of increment resulted from the supplementation of 10-mM proline ranged from 230 to 470 % as compared with T2. It was observed that the reduction of plant height for MR 220 in T4 and MR 253 in T6 was accompanied by higher number of shoots. As for the root length, results showed that MR 253 produced longer roots than MR 220 under salt-stressed condition. The maximum root length measured was 14.2 and 5.0 cm for MR 253 and MR 220, respectively (Fig. 1c) . Supplementation of proline did not increase the root length but significantly increased the number of root in both cultivars (Fig. 1c, d) . Results from the number of roots revealed that T6 showed better effect than T5 under salt-stressed condition. The percentage of increment was 133 and 140 % in T5 and increased, thereafter, to 250 and 270 % in T6 as compared with saltstressed medium for MR 220 and MR 253, respectively. The biomass of the rice plant decreased under salt stress, but detrimental effect was reversed by the addition of proline in which the effect of 10-mM proline was more promising than 5 mM (Fig. 2) . The percentage of increment ranged from 75 to 375 % for MR 220 and 38-600 % for MR 253 in T3, T4, T5, and T6 as compared with T2. In addition, the difference in shoot biomass recorded for MR 253 between T2 (NaCl) and T4 (10 mM Pro) was 0.48 g, while the difference between T2 and T6 (NaCl ? 10 mM Pro) was 0.34 g indicating that the supplementation of proline was able to increase shoot biomass under nonstressed condition, and this capability was retained under salt-stressed condition. Similarly, proline supply significantly increased the root biomass under salt-stressed and non-stressed conditions. Therefore, it is suggested that proline could enhance both shoot and root growth.
Effect of salt stress and exogenous proline on the changes in NO 3 2 content, NR, and NiR activities MR 220 showed significantly higher shoot NO 3 -content than root, while MR 253 showed higher root NO 3 -content than shoot in all tested treatments (Fig. 3a, b) . Drastic reduction of shoot NO 3 -content was observed for both cultivars in T2. The reduction was almost 7-and 17-folds for MR 220 and MR 253, respectively, as compared T1. Supplementation of proline increased the NO 3 -content in MR 220 rice shoot but the effect was not significant for MR 253. Quantification of root NO 3 -revealed that MR 253 contained higher root nitrate content than MR 220 in T1 and T2. Supplementation of proline under salt-stressed condition (T5 and T6) significantly lowered the NO 3 -content for both cultivars (Fig. 3b) . Study on the NR enzyme activity showed that salt stress resulted in the reduction of NR activity in MR 253, particularly in the roots. This effect was significantly upturned by the supplementation of 5-and 10-mM proline in T5 and T6 medium, while MR 220 followed the same behavior but to a lower extent (Fig. 3d) . However, an opposite trend was observed in MR 253 shoot NR activity in which it was higher in T3 and T4 medium and significantly lower in T5 and T6 medium. Again, MR 220 exhibited the same behavior with MR 253 in terms of shoot NR activity, but the enzyme activity of MR 220 was much lower as compared with MR 253. The shoot NR activity was almost 3-and 25-folds higher in T4 as compared with T1 for MR 220 and MR 253, respectively. As for shoot and root NiR activity, results showed that the difference between each treatment was trivial for both cultivars. Nevertheless, the NiR activity was generally higher in MR 253 as compared with MR 220 (Fig. 3e, f) .
Effect of salt stress and exogenous proline on the changes in GS, NADH-GOGAT, and GDH activities
Results showed that salt stress caused reduction in shoot GS activity in both cultivars (Fig. 4a) . Proline, when supplied exogenously at 5 mM, increased the enzyme activity of MR 220 under both normal and salt-stressed conditions (T3 and T5). On the other hand, MR 253 shoot GS activity was significantly lower in T5 and T6 as compared with T3 and T4. As for the root GS activity, MR 253 showed significantly higher activity in T5 and T6 medium as compared with MR 220. Results revealed that the GS activity for both cultivars in the T1 medium showed similar trend regardless of shoot or root, and the GS activity was higher in MR 220 than MR 253. In short, the addition of neither NaCl nor proline has changed the GS activity in both cultivars. As for the shoot NADH-GOGAT activity, results showed that the difference between each treatment was trivial for both cultivars. Nevertheless, the NADH-GOGAT activity was generally higher in MR 253 as compared with MR 220 (Fig. 4c) . In the case of GDH, the results revealed that the enzyme activities in shoot were inconsistent in T2, T3, T4, T5, and T6 for both cultivars with 0.14, 0.10, 0.24, 0.18, 0.21 (MR 220) lmol min -1 -g -1 f.wt, and 0.12, 0.19, 0.14, 0.09 (MR 253) lmol min -1 g -1 f.wt, respectively. In addition, results showed that there was a significant increase of root GDH activity in salt-stressed medium (T2) compared with nonstressed medium (T1) for both cultivars. An opposing result was observed in T6, whereby the root GDH activity was the highest for MR 220 among all the treatments, while MR 253 had the lowest.
Discussion
Salt stress caused a significant reduction in plant height but produced higher number of roots in both rice cultivars examined in this study. The increase in total root surface represents one of the most common strategies utilized by plants to maximize water absorption during salt stress. For instance, it has been reported that under mild salt stress condition, lateral root formation was observed in Arabidopsis thaliana (Zolla et al. 2010) . In general, the number of shoots and roots and shoot and root biomass were significantly improved with the exogenous application of proline regardless salt-stressed or non-stressed conditions (Fig. 5) . Szekely et al. (2008) reported that rapidly dividing and growing cells show high expression of AtP5CS2, a gene responsible for the synthesis of D1-pyrroline-5-carboxylate synthetase (P5CS) that involved in proline biosynthesis, indicating that active cells have a high demand for proline. Hence, it was suggested that the exogenous proline utilized as an available source to rapidly restore the water potential under salt stress condition, thus improving salt tolerance. It was observed that salt stress induced a decline in plants' height upon 10-mM proline supply, though the number of roots and shoots, and root biomass increased. It is well known that salinity could reduce the nitrogen availability in plant. Ding et al. (2011) demonstrate that the root architecture was significantly altered in rice upon nitrogen deprivation. In addition, it was observed that plant preferentially increase root biomass under nitrogen deficiency to optimize nutrient uptake (Bahrman et al. 2005) . Moreover, decreased rates of leaf and shoot growth were one of the osmotic stress tolerance mechanisms to minimize the carbohydrate supply and water usage in plants during salt stress (Munns 2002) . Nitrate stored in shoot vacuoles was often intended as an indicator for N status of whole plant (Fan et al. 2007) . Results showed that shoot NO 3 -content was extremely low in salt-stressed plants as compared with non-stressed plant for both cultivars. MR 253 exhibited lower shoot nitrate but higher root nitrate, whereas MR 220 exhibited higher shoot nitrate but lower root nitrate in all tested treatments. Studies have shown that plant leaves could serve as temporarily storage for nitrogen, and afterward, the nitrogen would be remobilized especially when the nitrogen supply was limited (von der Fecht-Bartenbach et al. 2010). Aslam et al. (2001) reported that plant contained low NO 3 -in roots normally exhibited higher shoot NO 3 -, because NO 3 -was reduced and incorporated into amino acids. Moreover, nitrogen can be remobilized from senescing leaves to expanding leaves in Arabidopsis during reproductive stage (Diaz et al. 2008) . Thus, it could be postulated that the higher NO 3 -content in MR 220 was due to the remobilization of nitrogen to support plant survival under salt-stressed condition. MR 253, on the other hand, contained higher root NO 3 -content suggesting that NO 3 -uptake was not severely affected and nitrogen was not remobilized to the The results demonstrated that proline supply resulted in higher shoot NR activity under non-stressed condition and higher root NR activity under salt-stressed condition for MR 253, while MR 220 followed the same behavior to a lower extent. As a molecular chaperone, proline has been reported able to maintain protein integrity and enhance different enzymes activities (Hayat et al. 2012) . For example, Sharma and Dubey (2005) reported that the addition of proline has direct protective effect on rice seedlings NR against osmotic stress. In maize, higher NR was found in leaves as compared with root when subjected to salt stress (Abd-Elbaki et al. 2000) . Overall, the NR activities for both cultivars did not only indicate a substantial difference in shoot and root, but also varied among the treatments applied. Conversely, the NiR activity was not significantly altered among the different treatments and plant parts, though the NiR activity for MR 253 was significantly higher as compared with MR 220. Higher NR activity in MR 253 resulted in a greater amount of nitrite; therefore, greater NiR activity was required to ensure rapid metabolism of nitrite into ammonium.
Studies from various plant species have indicated that, GS activity can be increased, decreased, or organ-dependent under salt stress (Pérez-López et al. 2013; Wang et al. 2012; Teixeira and Fidalgu 2009) . The results showed that reduction in shoot GS activity was observed for both cultivars under salt stress. Similarly, previous studies have shown that the activities of GS decreased at high NaCl concentration for all three rice cultivars tested irrespective of their salt tolerance degree (Zhou et al. 2004) . Proline supply significantly increased MR 253 root GS activity and MR 220 shoot GS activity under non-stressed and saltstressed conditions. Research has revealed that enhanced GS activity could improve plant nitrogen assimilation, translocation, and amino acid synthesis (Wang et al. 2003) . Previous study has found that transgenic rice overexpressing a chloroplastic GS gene showed enhanced tolerance to salt stress (Hoshida et al. 2000) . Moreover, a recent study has revealed that stable level of chloroplastic GS plays an important role in rice growth and carbon-nitrogen metabolic balance (Bao et al. 2015) . Therefore, it could be postulated that proline supply has increased the cellular proline concentration and subsequently affected the interregulation of plant metabolism, which was certainly important in relation to plant stress tolerance. GS and GOGAT metabolic pathway was considered as the main pathway for nitrogen assimilation in higher plant. Alternatively to GS-GOGAT cycle, plant may utilized another route by the reversible amination of 2-oxoglutarate to produce glutamate by GDH (Lasa et al. 2002) . Kumar et al. (2000) reported that enhanced GDH activity was found in salt-tolerance rice cultivar with increased salt strength, while GDH activity was lower in salt sensitive cultivar. Findings from Skopelitis et al. (2006) confirmed that ROS induced the expression of GDH subunit for ammonia detoxification process and production of glutamate for GDH synthesis in tobacco and grape. In general, MR 220 recorded higher root GDH activity as compared with MR253. It has been suggested that GDH activity was not necessary for cell growth and functioned only when the ammonium concentration in the environment is extremely high. Under normal circumstances, most of the ammonia is incorporated to glutamate via GS-GOGAT (Santero et al. 2012) . Therefore, one of the possible reasons for low shoot GDH activity in MR 253 is that GDH was not required to assimilate ammonia. 
Conclusion
In short, supplementation of proline resulted in higher root NO 3 -, NR, and GS activities in MR 253 as compared with MR 220 under salt stress. In addition, MR 253 exhibited higher NiR and NADH-GOGAT activities as compared with MR 220 regardless of the treatments applied. Conversely, MR 220 exhibited higher shoot NO 3 -and GDH activities as compared with MR 253. Overall results suggested that the water stress-tolerant cultivar MR 253 exhibited better recovery capability under salt stress with supplementation of proline as compared with the water stress-susceptible cultivar, MR 220. Therefore, it could be supposed that better plant growth performance in MR 253 was due to the changes in nitrogen assimilation activities. However, more studies have to be carried out in the near future based on glasshouse and field scale trials to verify this information. Suitable and cost-effective delivering methods for proline whether through foliar spray, incorporation of proline into fertilizer or encapsulation of proline, have to be optimized and developed to improve plant performance under salt stress before providing concrete recommendations to end users in the agriculture sector.
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(a) (b) Fig. 5 Morphological appereance of rice a roots and b plantlet growth in (left to right) MSO, 150-mM NaCl, 5-mM proline, 10-mM proline, 150-mM NaCl ? 5-mM proline, and 150-mM NaCl ? 10-mM proline media after 30 days of culture. Blue arrow indicates the densely growth a roots and b shoots in non-stressed media supplemented with 10-mM proline and red color arrow indicates the growth conditions under 10-mM proline together with 150-mM NaCl (bar represents 1 cm)
